Prediction model for hypertension risk in Chinese is still lacking. We aimed to propose prediction models for new-onset hypertension for ethnic Chinese based on a prospective cohort design on community, which recruited 2506 individuals (50.8% women) who were not hypertensive at the baseline . Total 1029 cases of new-onset hypertension developed during a median of 6.15 (interquartile range, 4.04-9.02) years of followup. In the clinical model, gender (2 points), age (8 points), body mass index (10 points), systolic blood pressure (19 points) and diastolic blood pressure (7 points) were assigned. The biochemical measures, including white blood count (3 points), fasting glucose (1 point), uric acid (3 points), additional to above clinical variables, were constructed. The areas under the receiver operative characteristic curves (AUCs) were 0.732 (95% confidence interval (CI), 0.712-0.752) for the point-based clinical model and 0.735 (95% CI, 0.715-0.755) for the point-based biochemical model. The coefficient-based models had a good performance (AUC, 0.737-0.741). The point-based clinical model had a similar net reclassification improvement as the coefficient-based clinical model (P ¼ 0.30), and had a higher improvement than the point-based biochemical model (P ¼ 0.015). We concluded that the point-based clinical model could be considered as the first step to identify high-risk populations for hypertension among Chinese.
Introduction
Identifying individuals who are at high risk of hypertension will improve the efficiency of primary prevention strategies. Recent clinical trials have demonstrated that body weight control and lifestyle intervention in individuals with pre-hypertensive status can substantially delay hypertension development, 1 providing a rationale for the identification of high-risk individuals so as to implement early lifestyle intervention strategies to prevent hypertension. Routinely available and easily collected clinical information and lifestyle-related factors have been found to be effective in identifying hypertension risk in prevalent and incident cases. [2] [3] [4] [5] [6] [7] [8] However, the evidence on prediction models providing absolute risk for hypertension risk is relatively scanty and these prediction models have also been developed, primarily in Caucasians. 2, [4] [5] Moreover, previous studies based on hypertension prediction models were limited because of short follow-up periods, [3] [4] 9 an inability to incorporate laboratory data, 4 multiple biomarkers, 10 limited validation 11 and a lack of simple algorithm usage (Supplementary Table S1 ). Furthermore, the self-reporting of hypertension incidence may invalidate the accuracy of incidence rates. 4 Therefore, we constructed the prediction models for hypertension risk using a community-based cohort of middle-aged and elderly ethnic Chinese in Taiwan as the following strategies. First, we incorporated gender, age, body mass index (BMI), systolic (SBP) and diastolic blood pressures (DBP) as the clinical model and included white blood cell count, fasting glucose and uric acid [12] [13] as the biochemical models. Second, we proposed two different scoring systems: regression coefficient-based scores 14 and point-based scores. 15 Finally, we tested the performance measures of these prediction models and compared the available models.
Materials and methods
Study design and study participants Details of this cohort study have been previously published. [16] [17] Briefly, the Chin-Shan Community Cardiovascular Cohort study began in 1990 by recruiting 1703 men and 1899 women of Chinese ethnicity aged 35 years old and above from ChinShan township. Information about anthropometry, lifestyle and medical conditions was assessed by the interview questionnaires in 2-year cycles for the initial 6 years and the validity and reproducibility of the collected data and measurements have been reported in detail elsewhere. 17 The response rate of the cohort participants was 85.7% at the end of the study.
BMI was calculated as weight (in kilograms)/ height (in metres). 2 Family history was defined by first-degree hypertension. Blood pressure was measured twice in the right arm by a mercury sphygmomanometer with the subject seated comfortably and the arms supported and positioned at the level of the heart. The average of the blood pressure measurements was used as previously described. [18] [19] Family history of hypertension was coded as the prevalent hypertension among first relatives. 2 Smoking habit was defined by current smoking status. Drinking history was defined as a binary variable using the frequency of drinking habits. Regular physical activity was coded as daily exercise habits.
Measurement of biochemical markers
The procedure for blood collection has been reported elsewhere. [20] [21] Briefly, all venous blood samples drawn after a 12-h overnight fast were immediately refrigerated and transported within 6 h to the National Taiwan University Hospital. Serum samples were then stored at -70 1C before batch assay for levels of total cholesterol, triglycerides and high-density lipoprotein cholesterol. Standard enzymatic tests for serum cholesterol and triglycerides were used (Merck 14354 and 14366, Merck KGaA, Darmstadt, Germany). Glucose levels were measured in the supernatant by enzymatic assay (Merck 3389) in an Eppendorf 5060 autoanalyzer (Eppendorf Corp., Hamburg, Germany). The peripheral blood cell analysis was measured using a blood cell counter (Sysmex Cell Counter NE-8000, TOA Medical Electronics Co. Ltd, Kobe, Japan). Plasma uric acid concentrations were assayed with commercial kits (Merck Chem. Co, Darmstadt, Germany) placed in an Eppendorf 5060 autoanalyzer (Eppendorf Corp.). 22 Follow-up strategy We collected events and blood samples from the participants at baseline (1990) (1991) , the first follow-up period (1992) (1993) ) and the fourth follow-up period (1997) (1998) . 16 We measured blood pressure and collected data on anti-hypertensive medication in the serial follow-up visit periods. Participants with baseline hypertension (defined by SBP or DBP X140/90 mm Hg or a history of anti-hypertensive medication use in the baseline period, 1990-91) were excluded from this investigation. A total of 2506 participants were included. We calculated the cumulative incidence rates of hypertension biennially in the first three periods (1992-93, 94-95 and 96-97) and the 2000-2001 period was the end of the study. The response rates in all periods were relatively high, from 86 to 96%.
Definition of hypertension and associated risk factors
We defined the incident hypertension categories according to the criteria established by the Seventh Joint National Committee. Normotensive was defined as SBP o120 mm Hg and DBP o80 mm Hg. Hypertension was defined as SBP X140 mm Hg or DBP X90 mm Hg, and individuals on anti-hypertensive medications in the follow-up periods were also included as incident cases. Individuals with a fasting blood sugar level 4126 mg per 100 ml and/or use of oral hypoglycaemia agents or insulin injections were defined as diabetes mellitus.
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Statistical analysis
The basic clinical and biochemical measures were listed according to the status of developing hypertension or not. We used the multivariate Weibull model to construct the prediction models because the Weibull model is suitable for interval-censored data. 4 We specified the stepwise method for best subset selection, by choosing variables entering in or removing from the model using a significant level as 0.05. We forced gender into the biochemical model for completeness. We constructed the parsimonious model for predicting the risk of hypertension according to two categories of covariate. First, the clinical model included gender, age, BMI, SBP and DBP, which were obtained from questionnaires and physical examinations and were statistically associated with the risk of hypertension. Second, the biochemical model included white blood cell count, fasting glucose and uric acid additionally. The lifestyle factors, such as smoking, drinking alcohol and physical activity, were also tested but the likelihood ratio tests showed that adding these variables into the model did not improve prediction beyond the parsimonious models. Furthermore, adding family history of hypertension did not increase appreciably the prediction measures; therefore, we decided to exclude family history in the model. We still incorporated the family history in constructing the models from the John Hopkins 8 and Framingham cohorts 4 when comparing their performance.
We constructed coefficient-based 24 and pointbased models 15, 25 for predicting the risk of hypertension using the clinical and biochemical variables. With regard to the coefficient-based model, the risk scores were derived from the estimated coefficients and were calculated to absolute risk in the Weibull model. 4 For the point-based model, the absolute risk was summed by the derived point scores, which was acquired by categorizing the covariates. 25 The details were described in the Supplementary Materials.
To enhance the comparability of our models with those from other studies, we compared the prediction models with available prediction models, including John Hopkins 8 and Framingham cohorts 4 (Supplementary Table S2) , and tested the prediction performance using calibration and discrimination ability. First, we assessed the goodness of fit for all models based on the Hosmer-Lemeshow test, 26 which was a calibration measure to calculate how close the predicted risks were to the actual observed risks, 27 and the results showed the calibration was good (Supplementary Figure S1) , except John Hopkins model (Supplementary Table S3 ). Second, we compared the discrimination ability using the area under receiver operative characteristic curve (AUC). An AUC curve is a graph of sensitivity vs 1-specificity (or false-positive rate) for various cutoff definitions of a positive diagnostic test result. 28 Statistical differences in the AUCs were compared using the method of DeLong et al. 29 The AUC was a global summary measure for discrimination between individuals developing hypertension and those who did not. 30 We also conducted an internal validation of the simple points model and obtained a biascorrected estimate of AUC using a fivefold crossvalidation procedure, 31 and the overall performance by averaging the AUC estimates obtained from the five different partitions were similar to those of all data sets. Third, we compared the models by using the net reclassification improvement (NRI) and integrated discrimination improvement statistics. 32 The NRI statistic was based on the reclassification tables and was calculated from a sum of differences between the 'upward' movement in categories for event subjects and the 'downward' movement in those for non-event subjects. We presented the NRI according to the a priori risk categories of hypertension risk as 20, 40 and 60% risk. The integrated discrimination improvement can be interpreted as a difference between improvement in average sensitivity and any potential increase in average 'one minus specificity', and the statistic was a difference in Yates discrimination slopes between the new and old models. Finally, we plotted the Bland-Altman plot of the difference between point-based and coefficient-based risks vs the average of these two risks to compare the patterns between the point-based and coefficientbased risks. 33 All statistical tests were two sided and P-values o0.05 were considered statistically significant. Analyses were performed with SAS version 9.1 (SAS Institute, Cary, NC, USA) and Stata version 9.1 (Stata Corporation, College Station, TX, USA).
Results
Patient characteristics
The mean and proportions of various clinical and biochemical measures are listed in Table 1 . Compared with those who did not develop hypertension, participants with new-onset hypertension were likely to have a family history of hypertension, to be alcohol drinkers and older, and to have diabetes and a higher BMI, blood pressure, white blood cell count, fasting glucose and uric acid levels. A total of 2506 individuals (50.8% women) who were not hypertensive at the baseline (1990) were followed up and 1029 cases of new-onset hypertension developed during a median 6.15 (interquartile range, 4.04-9.02) years of period. Table 2 shows the parsimonious models using multivariate Weibull models for the prediction models. 
Point-based prediction models and performance measures
The clinical and biochemical point-based score chart to estimate the risk of hypertension is shown in Tables 3 and 4 . In the clinical model, gender (2 points), age (8 points), BMI (10 points), SBP (19 points) and DBP (7 points) were assigned. The biochemical measures, including white blood count (3 points), fasting glucose (1 point) and uric acid (3 points), in addition to the above clinical variables, were constructed. These risk charts allowed a manual estimation of the annual and cumulative risk of developing hypertension for each individual, as shown in Tables 3 and 4 for 1-, 4-, 5-and 10-year predicted risk. By using the clinical point-based risk chart, we determined that 50% of the sample had a o20% risk, 33% had a 20-40% risk, 13% had a 20-60% risk and 4% had a 460% risk of incident hypertension during a 5-year follow-up interval. Table S4 ). The AUC difference between the clinical and biochemical models was not significantly different (P ¼ 0.17). Comparing reclassification measures between the point-based and coefficient-based models (Table 5) , we found that the point-based clinical model had a similar NRI as the coefficient-based clinical model (NRI, 2.0%, P ¼ 0.30), and had a higher improvement than the point-based biochemical model (NRI, 3.7%, P ¼ 0.015). Finally, the Bland-Altman plot showed that compared with the coefficient-based model, the point-based prediction model overestimated the clinical risk (estimated coefficient, 0.0579 ± 0.0037, Po0.001), yet underestimated the biochemical risk (estimated coefficient, -0.0430 ± 0.0044, Po0.001) (Figure 2 ).
Discussion
In the ethnic Chinese cohort data, we have constructed the point-based prediction models using clinical and biochemical measures. The clinical model, which contained age, gender, BMI, SBP and DBP and had a better prediction performance, was suggested for further application in mass screening for the risk of hypertension. The availability of the manual risk charts to predict future risk of hypertension, as has been the case for the prediction of coronary heart disease, 34 would improve the prediction of hypertension risk, identify high-risk populations and enhance preventive strategies.
Clinical risk factors
To our knowledge, this is the first hypertension prediction model specifically developed for an ethnic Chinese population. Several hypertension prediction models have previously been developed in various populations. Among 3202 Iranian diabetic patients with 2.9 years of follow-up, 3 gender, age at diagnosis of diabetes, BMI, fasting glucose and glycosated haemoglobin concentrations were associated with hypertension risk. Restriction to only type II diabetes patients might limit the generalizability to primary prevention in a general population. In the Framingham Heart Study cohort, Parikh et al. 4 proposed a prediction model on 1717 adult Caucasians without diabetes nor hypertension on a median 3.8-year follow-up period. The proposed prediction model included gender, age, 
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Framingham data; however, the interaction between age and DBP did not reach a significant level (P ¼ 0.74). Accordingly, we did not include the interaction items of age and DBP into our prediction model. In addition, we examined the role of body weight change in the first 2 years, and found that the 2-year one-unit BMI change increased risk of hypertension by 10%. 35 These results are consistent with available evidence on weight change. 36 However, we did not include serial BMI change in the prediction model because serial measures increased the difficulty for the applicability of the prediction model. The high incidence rate in our study participants may be attributed to the following reasons: First, we repeated blood pressure three times during the 6-year period, which would increase the incidence rates. Second, the 6-year incidence of hypertension in the US communities was 28 and 30% in AfricanAmerican men and women aged 50-64 years, respectively, 37 indicating whites had a lower hypertension rate. In fact, the original Framingham Heart Study showed that the lifetime risk for developing hypertension were 90% in both 55-and 65-year-old participants who were free of hypertension at baseline during the 1976-1998, 38 indicating a high incidence rate in middle and elderly individuals. In addition, inclusion of diabetes cases may be one explanation for a high hypertension incidence. A 55-year-old men with 22 kg m À2 BMI and 120/80 mm Hg would developed an 81% probability of the 10-year hypertension incidence.
Our data showed that the association between DBP and the risk of hypertension did not change significantly by age group. The likelihood ratio test comparing the model with the interaction terms of age and DBP and without those terms did not reach significant level (P ¼ 0.18). Our findings did not support previous evidence on the bimodal effect of age as an effect modifier for DBP on the risk of hypertension, as reported in previous studies. 4, 39 The possible explanation was due to truncated age distribution and high incident hypertension rates in our study participants.
Biochemical risk factors
For biochemical measure, Wang et al. 9 demonstrated that some biomarkers were related to new-onset hypertension in the 1456 adults from a Framingham offspring cohort for 3 years of follow-up. Our biochemical models included white blood cell count, fasting glucose and uric acid, which may be obtained in a laboratory-based mass screening. Our findings did not support a family history of hypertension as a significant role for further developing hypertension in our population. In another study based on young John Hopkins medical students for 450 years of follow-up, family history of hypertension was associated with a multivariate 1.8-to 2.4-fold risk for hypertension. 2 The nonsignificant association in our population was partly attributed to the relatively older age of the participants. Although our prediction model did not include family history of hypertension, family history may be more valuable in risk prediction among younger adults than in older adults. 2, 8 In addition, our data did not support plasma lipid levels, including total cholesterol, triglyceride, highdensity lipoprotein and low-density lipoprotein cholesterol, as significant predictors for hypertension risk, in contrast to the findings from 16130 women for 10.8 years of follow-up, which showed that hyperlipidemia had a 1.34-fold risk of hypertension. 5 In this Women' Health study, lack of controlling baseline blood pressure and other biochemical variables, such as inflammatory markers and uric acid, may overestimate the role of lipids in the risk of hypertension, although apolipoprotein B, lipoprotein(a) and C-reactive protein were included. 10 Furthermore, the ethnic difference in the metabolic syndrome components should be taken into consideration. We also incorporated uric Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure; WBC, white blood cell.
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Hypertension prediction model K-L Chien et al acid concentrations in our biochemical model, because uric acid has been strongly associated with new-onset hypertension. 40 Among the 2062 men free of hypertension in the Normative Aging Study for a 21-year follow-up period, uric acid increased newonset hypertension risk by 1.05-fold, 40 similar to our estimate in the multivariate model. We believe that most of the variables included in our models were feasible in the usual care practice in primary prevention settings. In addition, our data showed that as age at study initiation increased, the incidence rates of hypertension risk and the net 20/10 mm Hg blood pressure change increased significantly, especially for women, indicating that age at onset of observation initiation is a critical factor in evaluating change of blood pressure over time. Moreover, we stratified the incident hypertension into two subtypes: isolated systolic hypertension (SBP X140 mm Hg and DBP o90 mm Hg) and diastolic hypertension (defined as isolated diastolic and more commonly mixed diastolic/systolic hypertension), and we found that the cumulative rates of isolated systolic hypertension increased significantly as age increased; however, diastolic hypertension rates decreased as age progressed. The largest percentage of new-onset hypertension among elderly participants was attributed to isolated systolic hypertension.
The lack of lifestyle risk factors in the prediction model in our study, compared with previous data, 41 may be explained by the following reasons. First, potential measurement misclassification in assessing lifestyle risk factors could induce measurement errors and non-differential misclassifications reducing the power for predicting hypertension risk. Second, attenuation of lifestyle factor effects was induced by mediating factors, such as blood pressure, obesity and biochemical markers. When included in the prediction models, these clinical and biochemical variables made lifestyle factors less significant for hypertension outcome. Although our prediction models did not include lifestyle factors, we still emphasize the importance of lifestyle factors for the risk of hypertension. 41 As the baseline distribution of lifestyle factors in the study sample was identified as having the highest hypertension risk by the prediction models, the potential opportunities for lifestyle intervention during primary prevention should be identified early through prediction model screening.
Strengths and limitations
To our knowledge, this is the first hypertension prediction model specifically developed for an ethnic Chinese population. Owing to the large sample size, the estimates from our prediction models were found to be stable as demonstrated by the internal validation study. In addition, the use of a community-based population could reduce the possibility of selection bias. In addition, the constructed simple points system and predicted risk was still available among the participants without diabetes (Supplementary Tables S5 and  S6 ) and cardiovascular disease at baseline. However, several potential limitations of this study should be mentioned. First, the point-based models were inferior to the coefficient-based model based on NRI and integrated discrimination improvement values, although the AUCs were similar. Second, we did not include extensive biomarker data in the model and the blood pressure ascertainment was performed once every 2 years. Third, we did not separate genders and did not include lifestyle factors in the prediction model. Lack of lifestyle factors in the model may decrease the application of the prediction model in primary prevention. Finally, our study participants were middle and elderly Chinese population and the community is geographically unique, and so the external generalization to general population of our results was unknown. Furthermore, prevention strategies would be more effective on relatively young population. Therefore, further validation studies for these prediction models are warranted.
In conclusion, we have constructed the clinical and biochemical prediction models for predicting the 10-year incidence of hypertension among ethnic Chinese people. We recommend the point-based clinical model as the first step to identify high-risk populations for hypertension because of its simplicity and easily obtained measures in clinical practice and may be helpful to identify high-risk populations and improve prevention and treatment strategies for Chinese populations.
